A new method for the extraction and preconcentration of trace elements (Al, Ba, Cd, Cu, Fe, Mn, Mo, Ni, Ti, V and Zn) from edible oils by producing detergentless micro-emulsions via an ultrasound-assisted extraction using a water phase containing Lipase at pH 3 as an extractant was developed. The trace elements in the water phase post-extraction were determined against matrix matched standards using ICP-MS. In the first step of the work, the parameters that affect extraction, such as pH, the volume of 1% lipase in the water phase and the ultrasonic and centrifugation times were optimized. Under the optimal conditions, the detection limits (µg kg with certified values with a t-test showing that no significant differences at the 95 % confidence levels were found. The proposed method was applied to different edible oils such as sunflower oil, rapeseed oil, olive oil and salmon oil.
Introduction
Edible vegetable oils such as sunflower oil, rapeseed oil or olive oil are used in food for cooking. Others, e.g. fish oils are used as dietary supplements. The human body uses oils and fats in the diet as an energy source, as structural components and to make powerful biological regulators.
They also play an important role in metabolic reactions in the human organism [1] . The metal contents in edible oils are important because of toxicological as well as their nutritional viewpoints.
Trace metals present in oils may be of natural origin or present due to processing procedures or storage [2] [3] . The concentrations of trace metals in edible oils may directly affect their quality. The presence of trace metals such as Cu, Fe, Mn, Ni and Zn are known to have deleterious effects on the oxidative stability of edible seed oils and this can affect the quality of these products [4, 5] . Other elements such as As, Cd, Cr, Hg and Pb are very important on account of their toxicity and metabolic role and must be strictly controlled [3, 5] . The determination of metals in edible oils has been a difficult analytical problem because of the high organic content of the oil matrix [5] which makes the direct determination of the metals in these samples almost impossible. Different sample pretreatment methods (such as digestion, emulsification, extraction and dilution) have been developed and reported in the literature. Some of these different sample preparation methods; e.g. dry and wet ashing or different extraction methods, have been reviewed by Lepri et al. (2011) [5] and Bagdat Yasar et al. (2012) [6] . Microwave digestion systems [7] [8] [9] [10] [11] , open vessel and closed vessel digestion in a steel bomb [11] and dry ashing [12] have been used to dissolve edible oils for elemental analyses. In sample dilution methods, edible oils have been diluted with an appropriate solvent (xylene, kerosene, toluene, propan-1-ol, etc.) [13] . Extraction induced by emulsion breaking (EIEB) involved producing water oil emulsions using surfactants such as Triton X-100 followed by heating [14] or centrifugation [15] to separate the acid phase from the surfactant and oil phase.
Direct analysis of detergent emulsions of edible oils with surfactants has also been achieved enabling the determination of their trace elemental content [4, 16] . Another technique that has been used to produce emulsions is mixing the oil sample with an alcohol such as propan-1-ol without using any surface active materials [2] [3] [17] [18] ]. An ultrasound-assisted extraction technique without any surfactant or organic solvent was developed to extract copper and lead from palm oil samples [19] . Bakircioglu et al. [20] compared several sample preparation methods including extraction induced by emulsion breaking, ultrasonic extraction and wet digestion for the determination of metals in edible oil samples in Turkey prior to ICP-OES determination. The EIEB procedure was found to be fast, reliable, simple, and excellent in comparison with the other procedures studied.
Enzymes are biocatalysts that can also be used for digestion of biological substrates prior to analysis. Different enzymes have been involved in sample pre-treatment for the determination of total-elemental content and also for speciation analysis [21] . Enzymatic hydrolysis procedures are a group of sample pretreatments that hydrolyze biomolecules, mainly proteins. The enzymatic hydrolysis breaks down certain bonds of these biomolecules under certain environmental conditions such as pH, temperature, and ionic strength. After enzymatic hydrolysis action, the metal or organometallic species are released from the biological material into solution and can be measured using either atomic spectrometric or chromatographic techniques [22] . It should be noted, however, that the efficiency of analyte release can be variable and depends on sample type, enzyme used and even on the species present. The behaviour of lipase as a ligand has been investigated by Schwedt et al. [23] . The metal speciation analyses for iron and manganese in foodstuffs were studied using the protein, pectin, and lipid splitting enzymes pepsin, pectinase, papain, bromelain, and lipase using a stepwise extraction procedure. This paper discussed the different enzymatic extraction efficiencies with respect to the composition of foodstuffs as a precursor to a biochemical, i.e. enzymological, method for metal-speciation analysis of foodstuffs. An ultrasound bath-assisted enzymatic hydrolysis procedure as a sample pretreatment for the multielement determination in mussels prior to ICP-OES detection was performed by Pena-Fartal et al. [22] . A mixture of protease XIV-lipase was used by Mellano et al. [24] for the extraction of seleno-methyl-selenocysteine (SeMetSeCys) and selenomethionine (SeMet) in biota samples prior to analysis using gas chromatography-mass spectrometry (GC-MS).
In this work, a lipase enzyme was proposed as an extracting reagent for Al, Ba, Cd, Cu, Fe, Mn, Mo, Ni, Ti, V and Zn from edible oils by ultrasound assisted emulsification without using a detergent prior to ICP-MS detection. After optimization of the experimental variables and determination of analytical features, the procedure was applied to the determination of these elements in edible oil samples. The developed method was validated using a certified reference material.
Experimental
An ICP-MS instrument (X Series 2, Thermo Scientific, Hemel Hempstead, UK) was used for the determination of the analytes Al, Ba, Cd, Cu, Fe, Mn, Mo, Ni, Ti, V and Zn. Essex, UK) was used to prove the accuracy of the developed procedure. 1% Lipase solution adjusted to pH 3 was prepared freshly for each experiment.
General Procedure
The extraction of metals from edible oils was performed by a novel approach by mixing 3 g of edible oil and 1 mL of 1% Lipase solution adjusted to pH 3 in a 15 mL polypropylene centrifuge tube. After the tubes were capped, they were shaken vigorously for a few seconds and then vortex mixed. They were then sonicated for 10 mins in an ultrasonic bath to produce water-oil emulsions.
The Lipase extracts were then separated by centrifugation at 3000 rpm for 20 mins. The emulsions were separated completely after centrifugation and therefore the upper oil phase in each of the tubes was decanted and discarded. The aqueous Lipase phase containing the metal extracts from each of the edible oils was subjected to ICP-MS analysis to determine the concentrations of the metal ions.
All optimization experiments were performed with replicate analyses of sunflower oil and sunflower oil containing 0.1 % (w/w) of the Certified Reference Oil Material. The recovery results
were calculated by taking the difference between the analytes' concentrations in the sunflower oil and the reference material spiked sunflower oil and then multiplying by the dilution factor.
Calibration standards were prepared daily using serial dilutions of the stock solutions (1000 or 10,000 mg L -1 ) of the metal ions in 1% Lipase solution prepared in pH 3.0 buffer. A mixture of In and Ir was added to all calibration standards, blanks and samples as an internal standard to give a final concentration of 10 µg/L each.
2.3.Sample analysis
Four different edible oil samples (sunflower oil, olive oil, rapeseed oil and salmon oil) were bought from markets in Plymouth, UK. The procedure described above was applied to 3.0 g of these samples and a certified reference material (EnviroMAT HU-1 Used oil). The certified reference oil material contains very high concentrations of trace metals and was therefore diluted in sunflower oil to give a final proportion of 0.1 %.
Results and Discussion
A detergentless ultrasonic assisted extraction method has been proposed for the determination of trace elements in edible oils using lipase solution as an extraction reagent. Analytical parameters including pH of the aqueous phase, the concentration of lipase solution and the ultrasonic extraction and centrifugation times were optimized in order to obtain highly sensitive, accurate and reproducible results. A Univariate optimization procedure was undertaken to determine the optimum value for each of the parameters, i.e. one parameter was varied while the others were kept constant. All the experiments were performed in triplicate. Optimal conditions were defined as those at which the maximum recovery for trace elements was obtained.
Optimization of Extraction Variables
The first parameter to be optimized was the pH of the extraction medium. The pH of the 1% lipase solutions was adjusted over the range 1 to 8 using different buffer solutions. The proposed method was applied in triplicate at each pH using the constant ultrasonic and centrifugation times of Therefore, a centrifugation time of 20 minutes was optimal for the transfer of all of the analytes from the oil phase to the extraction phase and was used for all subsequent experiments.
Preconcentration Experiments
Since most edible oils contain trace elements at very low concentrations, the possibility of adapting the proposed method to obtain a preconcentration of the trace metal ions was investigated.
Different amounts of edible oil within the range of 3-10 g were used. Amounts of edible oil greater than 10 g were not tested because of the difficulty of obtaining emulsions in 1.0 mL of 1% Lipase solution. Increasing the volume of the lipase solution would increase transfer efficiency but would also decrease the preconcentration factors. However, using up to 10 g of oil and 1 mL of 1% lipase solution, the recoveries of all elements studied in this work did not change significantly. It was therefore concluded that the proposed method could be applied to preconcentrate these elements from edible oils.
Analytical Characteristics
The linearity and the detection limit for each analyte were determined to evaluate the performance of the method. Calibration equations were obtained using calibration . These values were calculated using the proposed method taking into account 3 g of edible oil extracted into 1 mL of 1 % lipase solution. As discussed previously, the proposed method yielded very good recovery values and a preconcentration factor of 10 for 10 g of the sample solution could be obtained. Therefore, under these conditions, the detection limits obtained would be 3.33 fold lower than the LOD values quoted above.
Analysis of Edible oils
The proposed detergentless ultrasound-assisted extraction method was applied for the determination of Al, Ba, Cd, Cu, Fe, Mn, Mo, Ni, Ti, V and Zn in different edible oils as well as to a certified reference oil sample (EnviroMAT HU-1 used oil). Since the certified material contained very high concentrations of these trace elements, it was diluted in sunflower oil to give a proportion of 0.1%. A comparison method described by Cassella et al. [8] was also performed to validate the proposed method. The results obtained from analysis of the CRM using the proposed method, the comparison method and certified results for the certified material are given in Since the analysis of the certified material demonstrated good accuracy, the proposed method was then applied to the determination of these elements in several types of edible oils including rapeseed oil, salmon oil, sunflower oil and olive oil. Rape seed oil, sunflower oil and olive oil samples were also analysed using the comparison method. The results are given in Table 2 .
The t test given above was also applied to these results. Most of the results obtained by the proposed method and the comparison method were in good agreement at the confidence level of 95%.
Comparison of the proposed method with other methods in the literature
Even though dry ashing and wet digestion methods have also been used to decompose edible oils prior to the determination of trace elements, a comparison of the proposed method with other methods given in Table 3 focuses on similar methods reported in the literature. Sample dilution methods have some advantages in that they are simple and fast and allow the direct determination of the elements in the edible oils. However, they can cause interferences or physical problems with the instrumental process because of the organic solvents used. In addition, the use of diluting solvents erodes the limits of detection for trace elements [5] . In the direct measurement of the detergent emulsions method, Triton X-100 emulsions of soy, olive oil and sunflower oil were very unstable and started to separate in less than 3 min, even though several different ratios of sample to surfactant were tested [3, 16] . Margarine and butter samples were previously solubilized in xylene.
However, their emulsions in Triton X-100 were not formed [3] . Alcoholic dispersions (detergentless emulsions) of oil and fat samples gives higher limits of detection because of the dilution factor, with sample comprising only between 1% and 10%, by weight of the material introduced to the detector [3] . An ultrasound-assisted extraction technique has the disadvantages of obtaining high limits of detection because of the very low volume of the edible oil (100 μL) being extracted into 2 mL of the extraction solution and very long ultrasonic extraction time (60 min). In addition, an extra 20 min boiling step was required to decompose the excess hydrogen peroxide [19] . Most of the methods in the literature discussed above include the use of hazardous organic solvents, concentrated acids and surfactants and may yield higher limits of detection because of dilution of the sample.
The proposed detergentless ultrasound-assisted extraction method using lipase as an extractant has important advantages over these other methods. These benefits include: 1) Toxic organic solvents or detergents are not used, 2) it is simple and low cost, 3) very low limits of detection are obtained because there is no need to dilute the sample. The LOD values may even be improved by a factor of three by preconcentration to enhance the sensitivity 4) it has a rapid analysis time totalling 30 min for ultrasonic extraction and centrifugation. However, 50 samples can be extracted simultaneously in the ultrasonic bath and 16 samples can be centrifuged at the same time. This method can therefore be applied successfully for the multi-element extraction and determination of trace elements in edible oils.
Conclusions
A new method has been developed for the extraction of trace elements (Al, Ba, Cd, Cu, Fe, Mn, Mo, Ni, Ti, V and Zn) from edible oils using an ultrasound-assisted extraction method employing lipase as an extraction agent at pH 3.0 producing detergentless micro-emulsions. The proposed method was based on the ultrasonic extraction of edible oil by a water phase containing 1% lipase solution at pH 3.0. That produces detergentless micro-emulsions enabling trace elements to pass into the water phase. After centrifugation of the emulsions, the oil phase was decanted and the water phase containing the trace elements was subjected to ICP-MS analysis. This new method has several advantages over other methods proposed in the literature and these include simplicity, rapidity, sensitivity, and low cost. In addition, there is no need for the use of toxic chemicals, 
